TARGET IDENTIFICATION FROM A POOL OF TARGETS 
USING A NEW ADAPTIVE TRANSMITTER-RECEIVER DESIGN 



Statement Regarding Federally Sponsored Research or Development 

The present invention is based upon work supported and/or sponsored by the 
Defense Advanced Research Project Agency (DARPA) Special Project Office under 
SBIR Contract No. DAAH01-02-C-R074 and administered by U.S Army Aviation and 
Missile Command (AMSAM), Redstone Arsenal, Alabama. 

Field of the Invention 

This invention relates to improved methods and apparatus concerning target 
detection, such as target detection by radar. 

Background of the Invention 

The problem of jointly optimizing a transmitter and a receiver so as to maximize 
the output signal-to-interference plus noise ratio (SINR) for target detection is an 
important one in radar and many communication scenes where clutter or multipath is a 
leading source of interference. 

In radar scenarios, the total interference signal is comprised of clutter returns, 
interference signals from jammers and noise. The clutter return is transmit signal 
dependent and it may or may not dominate the remaining interference signals depending 
on the target range location. For targets that are nearby clutter dominates the total 
return, whereas for far field targets the returns from jammers and multipath is the leading 
source of interference. The interference caused by jammers might be deliberate 
multipath returns of a white noise source which in essence amount to colored noise with 
unknown spectrum at the receiver. 
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In the classical detection problem, the receiver outputs are passed through a 
bank of filters to obtain a single output and at a specified instant, this output is used to 
decide the presence or absence of a target. The problem is to design the optimal 
transmit-receiver pair so as to maximize the output signal-to-interference plus noise ratio 
(SINR) at the decision instant. In this context, for a given target and clutter/noise scene, 
the optimum transmit signal shapes as well as the receiver structure for maximizing the 
output detection performance is of crucial importance as discussed in (1). S. U. Pillai, H. 
S. Oh, D. C. Youla and J. R. Guerci, "Optimum Transmit-Receiver Design in the 
Presence of Signal-Dependent Interference and Channel Noise," IEEE Transactions on 
Information Theory, vol.46, no.2, pp.577-584, March 2000, and (2) J. R. Guerci and P. 
Grieve, "Optimum Matched Illumination-Reception Radars," U. S. Patent # 5,121,125, 
June 1992, and U. S. Patent # 5,175,552, Dec. 1992. 

Summary of the Invention 

At least one of the problems addressed in this patent application is the following: 
from a known set of targets, only one is present in a collection of data at any time. The 
collection of data typically also contains transmit signal dependent interference and 
noise. The received data is passed through a set of receiver filters. One of the problems 
addressed here is to design a single transmitter waveform of given energy and duration, 
and a set of receivers so as to maximize the correct target classification by maximizing 
the output SINR in an overall sense. 

In the present invention, in one or more embodiments, the optimum transmitter- 
receiver design procedure for target detection is extended to the target identification 
problem, whereby a single transmit waveform is generated that optimally separates the 
target output waveforms in some appropriate sense. A received return is passed through 
a plurality of matched filters and the largest output at the specified time instant is used 



to identify a target present in the data. In what follows, the design of the optimum 
transmitter-receiver pair for the identification problem is carried out. 

The proposed target identification method can ensure that specified targets are 
correctly identified and simultaneously can discriminate all objects present in a scene. 
The following are at least some of the potential benefits of using an optimal transmitter- 
receiver waveform design strategy(1) Enhanced target detection, (2) Enhanced target 
ID, (3) Improved target discrimination, and (4) Dynamic interference suppression in 
wireless applications 

A set of possible target waveforms are given. This set can consist of (i) individual 
targets that are physically present one at a time or (ii) two or more targets that are 
physically present at the same time forming a new target. Each such configuration gives 
rise to a target waveform. For example, consider the case where there are only two 
targets. However they can be present separately or together. The later is treated as a 
third target and hence the pool of targets in this case is considered as three. At any time 
only one of them will be present in the scene of interest. A transmit signal is used to 
interrogate the unknown target and its return from the target gets contaminated by clutter 
(transmit signal dependent interference) and additive noise. The total received signal is 
passed through an appropriate set of receiver units. At a pre-determined instant, the 
receiver corresponding to the largest output is chosen to indicate the actual target 
present in the scene. The problem is to design the transmit waveform, and receiver filter 
banks so that for each target in the data, the corresponding receiver output has the 
maximum among all the receivers at the decision instant. 

The strategy of the invention has the following parts: 
(i) The received data is first passed through a custom designed whitening filter so that 
the total interference gets transformed into white noise. The whitened filter also 
transforms the target waveforms (modified target waveforms). 
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(ii) Optimum receiver structure to detect signal buried in white noise is the classical 
matched filter. Matched filters for each of the modified target gives rise to the matched 
filter bank. 

(iii) Combining the above two steps, we obtain the optimum receiver filter bank. This 
completes the receiver design part. 

(iv) When the k-th target is present, the k-th filter output must be larger than all other 
outputs at the decision instant. The separation between these outputs is used to 
generate a discriminant. The final step is to maximize this discriminant by varying the 
transmit waveform. 

(v) The transmit waveform has prescribed energy and duration. Optimization of the 
above distance-discriminant gives rise to an integral eigen-equation whose dominant 
eigenvector is the desired transmit waveform. 

Brief Description of the Drawings 

Fig. 1 shows a diagram of an embodiment of the present invention for providing 
optimum target detection when there is clutter and noise; 

Fig. 2 shows a diagram of an embodiment of the present invention which provides 
for automatic target identification in a multiple target scene; 

Fig. 3 shows a diagram of a whitening filter; 

Fig. 4 shows a diagram of an embodiment of the present invention which provides 
for automatic target identification in a multiple target scene; 

Fig. 5A shows a diagram of simulation trials of receiver output using a transmit 
waveform and a companion receiver in accordance with an embodiment of the present 
invention; and 
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Fig. 5B shows a diagram of simulation trials of receiver output using a conventional 
chirp transmit waveform and a companion receiver in accordance with an embodiment of 
the present invention. 

Detailed Description of the Drawings 

Fig. 1 shows a possible target 16 (unknown) from a pool of targets. The pool of 
targets may include, for example, one or more airborne objects, such as one or more 
flying airplanes or one or more airborne missiles. The target signal q(t) may be 

comprised of a plurality of target signals such as q x {t),q 2 {t\...,q M {t) , where M equals 

the total number of targets. Typically only one of the M targets will be present in any 
typical situation. However the exact type and nature of the target present is unknown. 
That needs to be determined from the receiver output. Although only one target is 
present the user would not know which one is present. The challenge is to determine the 
exact nature of the target by observing the receiver output. It may be known that the 
subject target is one of a known possible pool of targets. For example, we may know 
that the subject target is either a commercial airplane or a fighter jet, and the task may 
be to determine whether the target is a commercial airplane or a fighter jet. 

Fig. 1 also shows the time spectrum 12 of a transmit signal f(t). The transmit 

signal f(t) is supplied to an input 14a of a transmitter filter 14. The transmitter filter 14 

has outputs 14b and 14c. The transmitter output filterP(^y) is of known frequency 

characteristics. The transmitter output filter 14 filters the transmit signal f(t) to form a 

filter modified transmit signal at outputs 14b and 14c. The filter modified transmit signal 
at outputs 14b and 14c may be the same signal. The filter modified transmit signal from 
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output 14b is transmitted through the air and impacts with a target 16. The filter modified 
transmit signal from output 14c is transmitted through the air and impacts with clutter 18. 

The target 16 acts on the filter modified transmit signal, to form a target modified 
signal which is shown in Fig. 1 as being supplied to input 26a of a summation device 26. 
The clutter 18 acts on the filter modified transmit signal to form a clutter modified signal 
which is shown in Fig. 1 as being supplied to input 26b of the summation device 26. In 
addition, the environmental noise 24 as shown in Fig. 1 as being supplied to the 
summation device 26. In practice, the target modified signal, the clutter modified signal 
and environmental noise typically combine together without the need for a summation 
device 26. However, the summation device 26 is shown for explanation purposes. A 
combination signal comprised of the target modified signal, the clutter modified signal 
and environmental noise is formed at an output 26c of the summation device 26. The 
combination signal is supplied to an input 28a of a bank of matched filters 28. The bank 
of matched filters 28 may have a transfer function h(t). The transfer function h(t) may be 

comprised of hi(t), h2(t), hM(t) t where M is the number of targets. 

The bank of matched filters 28 may include filters 104, 106, 108, and 110, 

shown in Fig. 2, having transfer functions hi(t), h2(t),hi(t), and hM(t), respectively. The 

bank of matched filters 28 would typically include M filters for M targets. 

The combination signal at input 28a of the bank filters in Fig. 1, is named r(t) and 
can also be called the received waveform or received signal. The combination signal or 
received signal r(t) is supplied to the input 28a of the bank of filters 28. The combination 
signal or received signal r(t) is then supplied to each of the inputs of each of the plurality 
of filters 104, 106, 108, 110, and the other filters of filters 1 to M, which are not shown. 
For example, combination or received signal r(t) is supplied to each of inputs 104a, 106a, 
108a, and 110a of filters 104, 106, 108 and 110, respectively, as shown in Fig. 2. Each 

6 



of the filters, such as filters 104, 106, 108, and 110 acts upon the received signal r(t) 
with the appropriate filter's transfer function to form a modified received signal at its 
output. For example, filters 104, 106, 108, and 110 each act upon the received signal 

rft/with transfer functions hi(t), h2(t), fa(t) t and hM(t) to form first, second, third, and 

fourth modified received signals at outputs 104b, 106b, 108b, and 110b, respectively. 
The bank of filters 28 may have an output 28b which is comprised of outputs 104b, 106b, 
108b, and 1 10b, and a further number of outputs, where the total number of filters and 
corresponding filter outputs is typically equal to the number of targets. Fig. 2 also 
shows switches 112, 114, 116, and 118 which ensure that only one output of the outputs 
102b, 106b, 108b, and 1 10b is active or connected at any given time. 

The target associated with the filter corresponding to the largest amplitude for its 
modified received signal output is declared to be present in the data r(t) 26c. For 
example, if the amplitude of the first modified received signal at output 104b of the filter 
104 is greater than the amplitudes of the second, third, and fourth modified received 
signals at outputs 106b, 108b, and 110b, and of any other modified received signal at 
any other output, then the first target is declared to be present in the data r(t) 26c. 

In accordance with one or more embodiments of the present invention the 
transmit signal /(/) and the transfer functions hj(t), k =1,2,3,.., M for the filters 104, 
106, 108, 1 1 0, etc. are jointly selected so that in the presence of a given clutter spectrum 
G c (u)), such as spectrum 20 shown in Fig. 1, and noise spectrum G n (u)), such as noise 
spectrum 30 shown in Fig. 1 , the probability of correct target detection is maximized. 

In accordance with one or more embodiments of the present invention Hk 

represents the hypothesis that the k-th target is present in the scene or diagram 10 in 
Fig.1. The combination signal or received signal at input 28a in Fig. 1, in that case is 
given by equation (1) shown below: 
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(D r{t) = f{t)*p{t)*q k {t) + f{t)*p{t)*w c (t) + n{t) , H k , * = 1,2,.. .,M, 



wherein the symbol "*" in equation (1) above represents the convolution operation. 
Convolution of two signals is defined as follows: 

a(t)*b(t) = ia(t-r)b(r)dr. 

and wherein: 

(2) p(t)**P(a>)=£p(t)e-""dt 

In equation (2) above the symbol U <V' represents the Fourier transform pair. 

The terms p(t) P(o) represent the impulse response of the transmitter filter 14 
shown in Fig. 1 . The transmitter filter 14 can be used to adjust the bandwidth constraint 
on the transmit signal f{t) 12. Typically the "Transmitter" is comprised of the transmit 
signal f(t) and the transmitter filter 14, wherein the transmit filter 14 has a transfer 
function of P(co). In Fig. 1, w t .(0. and w (0 are random waveforms representing the 
transmit signal dependent interferences (clutter) and noise respectively. If G c (co) and 
G n {(o) represent the clutter and noise power spectra, then from equation (1) 

(3) G 0 (a>) = G n (a>) + G c (co)\P(cD)\ 2 \F(cD)\ 2 
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represents the total interference power and 

/(/) o F(a>). 

In accordance with a method of one or more embodiments of the present 
invention, first an appropriate stable whitening filter 204 shown in Fig. 3 is employed. 
The whitening filter 204 typically has a transfer function of L(jco) and is used to whiten 

the total interference. The whitening filter 204 converts the input colored noise spectrum 
to flat spectrum at the output. For example, an arbitrary frequency sensitive spectral 
shape at the input is converted to a flat level at the output by the whitening filter 204. The 
transfer function for the whitening filter 204 is determined by finding the minimum phase 
factor L{jco) corresponding to G 0 (co) in equation (3). Thus 

(4) \L{jco)\ 2 = GSa)) + G^6))\P{co)\ 2 \F{co)\ 2 , 

wherein L{jco) represents the Wiener factor and L' x {jco) represents the whitening filter 
204 of Fig. 3. 

In accordance with an embodiment of the present invention, the combination or 
received signal at output 26c of the summation device 26, is supplied to the whitening 
filter 204 at input 204a shown in Fig. 3. The whitening filter 204 applies a transfer 
function L~\jco) to form a signal x(t) at an output 204b of the whitening filter 204. The 
signal x(t) given by: 

(5) x(0 = &(0 + h<0, * = 1,2,...,M, 



9 



where g k (t) represents the signal associated with the k-th target and w(t) the 
equivalent white noise. Thus 

(6) g k (t) <^ L-\jG>)Q k (o>)P(a))F(a>) , * = 1,2,...,M, 

.* 

wherein 

In accordance with the present invention, in one or more embodiments, an 
optimum receiver corresponding to the signal plus white noise case in equation (5) is a 
matched filter having a transfer function given by the equation (7) below: 

(7) g k (t 0 -t)u(t) 9 * = 1,2,...,M 

and this gives rise to the receiver structure and characteristics shown in the embodiment 
of Fig. 4. 

Fig. 4 shows a filter or receiver structure 300 which can be used in place of the 
receiver 28 of Fig. 1 . The filter or receiver structure 300 may be comprised of whitening 
filter 304 which can receive a signal r(t), such as the combination or received signal from 
output 26c of the summation device 26 in Fig. 1 . The filter structure 300 may also 
include filters 306, 308, 310, and 312, and a further number of filters, so that the total 
number of filters is typically equal to the number of targets M. Each filter has a transfer 
function. Filters 306, 308, 310, and 312 have transfer functions g,(f 0 -t\ g 2 (t 0 -t\ 
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g k (t 0 -/), and g M (t 0 -f) , respectively. The signal r(t) is modified by filter 304 and then 

is applied to inputs 306a, 308a, 310a, and 312a of filters 306, 308, 310, and 312, 
respectively, and inputs of a further number of filters not shown, with the total number 
(not including the whitening filter 304) typically equal to the number of targets M. First, 
second, third, and fourth further modified signals are output on outputs 306b, 308b, 310b, 
and 312b of the filters 306, 308, 310, and 312, respectively. Fig. 4 also shows switches 
314, 316, 318, and 320 Switches 314, 316, 318, and 320 make sure that only one filter 
output of the outputs 306b, 308b, 310b, and 312b is active at one time. 

From Figs. 2 and 4, the optimum receivers or filters in the clutter and noise case 
is given by 

(8) h k (t) = l inv (t)*g k (t 0 -t)u(t), * = 1,2,...,M, 

where 

(9) L mv {t)<*L-\jG>). 
Under H k , the matched filter outputs at / = / 0 are given by (details omitted): 

=&(' 0 -o«(o*&(o L (io) 

If -f„ 

= ' = 1,2 A/. 

The following procedure or method can be referred to as an optimizing strategy: 
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When H k is true, it is desirable that the k-th output y k must be larger than any 
other output. As a result, we propose to maximize the following discriminant 

for each k. 

Combining all these discriminants we get 

(12) A = £A t 

and the goal is to maximize A over the transmit waveform / (t) . Substituting (10) into 
(11) and simplifying we get: 

MM 

i7 = max2ZL°|ftW-&(0| dt 
i=\ k=\ 

?T rT MM. 

(13) =max J o £ \l^ tk (t-T x )hs\t-T 1 )dtf(j 1 )f{t,)dr 2 dr x 

(=1 k=\ 

i*k 

1 » ' 

= max £ ( j' o n w (r„r 2 )/(r 2 )rfT 2 )/(r, )Jr, < A t £ , 
where 4* is the maximum eigenvalue of the integral equation 

(14) | 0 r Q w (r 15 r 2 )/ t (r 2 )^ 2 =V(7,) 5 0<r,<7\ A = l,2,... 
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Here the nonnegative-definite kernel is given by 

M M 

(15) fi w (r„T 2 ) = XZ yto^t-T^telit-zJdt , 

/=! k=\ > v ' 

where 

(16) As ik (t) = Si (t)-s k (t). 

Here 

(17) Si {t)<r>L-\j(D)Q k (a))P{co\ * = 1,2,...,M. 

Optimum f(t) corresponds to the eigenvector associated with the largest 

eigenvalue in (14) and it maximizes the receiver or filter output associated with the 
actual target present in the data. A well known iterative procedure described in S. U. 
Pillai, H. S. Oh, D. C. Youla and J. R. Guerci, "Optimum Transmit-Receiver Design in 
the Presence of Signal-Dependent Interference and Channel Noise," IEEE Transactions 
on Information Theory, vol.46, no. 2, pp.577-584, March 2000, is used to solve for /(/) 
using equations (4) and equations (14)-(17). 

In situations when target spectra are non-overlapping, a linear combination of 
eigenvectors in equation (14) weighted by the corresponding eigenvalues can be used 
as the optimum transmit waveform. This gives 

in 

(18) /(/) = £A^(0, 
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where m can be a fixed number depending upon the number of targets or that depends 
on the significant number of eigenvalues in equation (14). 

At least three methods in accordance with one or more embodiments of the present 
invention are provided for deciding the number of m dominant eigenvectors used in 
equation (18) for obtaining the optimum pulse. They are: 

• Method One: Compute the difference of the first and the twenty fifth eigenvalues, 
divide that by four and subtract that quantity from the first eigenvalue. Use the 
eigenvalue index corresponding to this number to be m. 

• Method Two: Compute the mid point of 0 dB and the maximum eigenvalue in dB. 
Use the corresponding eigenvalue index to be m. 

• Method Three: A fixed number of eigenvectors (m = 5 or 10 etc). 

In cases where the above optimum f{t) is not acceptable in terms of target separability, 

a weighted optimization procedure can be used in equations (14)-(17) as follows. 
The following procedure can be referred to as weighted optimization. 

In equation (15) define 

(19) ^(r p r 2 )= ^□^(r-r ) )D4(r-r 2 )^ 
and modify (15) to read 

MM M 

(20) fl w (r„r 2 ) = j;« ( 5;»i(r 1 ,r 2 )=|;a ( n ( (r |) r 2 ) ) 

/=] k=\ /=1 

where 



14 



M 

(21) fi / (r 1> r 2 ) = £^(r lJ r 2 ) 

and a i are a set of constants to be determined. For a given set of a n follow the 

procedure regarding optimizing strategy, starting with equation (11) and ending with 
equation (18) to obtain the desirable transmit waveform f(t). Using f(t) so obtained, 
compute: 

(22) nj = [[f(hW,(T^2)f(h)dr l dT2 

and updates, to maximize the minimum among r y in equation (22). 

A description of a detailed implementation of the weighted optimization follows: 

The method implemented to perform the weighted optimization in equation (20) is an 
iterative reweighted method, and can be performed for example, by a computer 
processor which can weigh each of the matrices Q, by a weighting coefficient a i . For 
example of in the case of three targets: 

Q M = c^Qj + a 2 Q 2 + a 3 Q 3 

where each matrix Q,. is as defined in equation (21). 

The iterative method proceeds as follows: 

a) Set all weights a i to be equal and summing to unity. 
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b) Set 

Q M =a { Qi + <z 2 Q 2 +~- + a K Q K . 

c) Set / to be the maximal eigenvector of ft. 

d) Compute 

for i = \,...,K. 

e) Identify which distance is minimum and set 

D = min{^}. 

f) Update weighing coefficients a i . Set candidate weighting coefficients 



for / * I. 

a] = (l + /?)a, 

where a > 0. 

g) Normalize all weighting coefficients a] so that they sum to unity. 



h) Set 

ft =a ] Q l +a 2 Q 2 +-+a K Q K . 

i) Set / to be the maximal eigenvector of ft . 
j) Compute 

for i = l,.. .,K. 
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k) if the minimum of j^j is greater than D then set 

and go to step (a), if the minimum of {djj is not greater than D then set 
or = a/2andgotostep f). 

This iterative method produces a transmit pulse /(/) with improved target identification 
performance. 

The following example is provided merely to further illustrate one or more 
embodiments of the present invention. The scope of the invention is not limited to the 
example. 

A four target scene example of the design of a transmit pulse /(/) for multiple 
target identification. As shown in Figs. 5A and 5B, the probability of classification is 
much higher in the case of the optimal transmit-receiver design strategy in accordance 
with one or more embodiments of the present invention than that achieved by a 
conventional chirp. Hence, when signal-dependent clutter is present and it is 
comparable to channel noise, in any target scene the chirp is almost invariably 
suboptimal. 

Fig. 5A shows a collection of data 400 for one hundred simulation trials of receiver 
outputs for terminals or outputs 314 (for data set 401), terminal or output 316 (for data set 
402), terminal or output 318 (for data set 403), and terminal or output 320 (for data set 404) 
using the proposed optimum transmit waveform described by equations (14) and 18 and 
the companion optimum receiver described by equation (8). 
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Fig. 5B shows a collection of data 500 for one hundred simulation trials of receiver 
outputs or terminals 314 (for data set 501), terminal or output 316 (for data set 502), 
terminal or output 318 (for data set 503), and terminal or output 320 (for data set 504) using 
a conventional chirp transmit waveform and the companion receiver described by equation 
(8). 

Fig. 5A, shows a collection of data 400 for a target pool. The collection of data 400 
includes data set 401 , which includes a plurality of data items for a first target, wherein each 

of the data items is identified by a "*" symbol. Each of the "*" data items indicates a 

possible position of the first target as result of a particular experiment in one hundred 

simulation trials mentioned earlier. The plurality of data items with symbol v form the 

receiver output corresponding to the first target waveform. 

The collection of data 400 also includes data set 402, which includes a plurality of 

data items for a second target, wherein each of the data items is identified by an "o" 

symbol. Each of the "o" data items indicates a position of the second target as result of a 
particular experiment in one hundred simulation trials mentioned earlier. The plurality of 
data items with symbol "o" form the receiver output corresponding to the second target 
waveform. 

The collection of data 400 also includes data set 403, which includes a plurality of 
data items for a third target, wherein each of the data items is identified by an "x" symbol. 

Each of the "x" data items indicates a position of the third target as result of a particular 

experiment in one hundred simulation trials mentioned earlier. The plurality of data items 
with symbol "x" form the receiver output corresponding to the third target waveform. 
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The collection of data 400 also includes data set 404, which includes a plurality of 
data items for a fourth target, wherein each of the data items is identified by an "a" symbol. 

Each of the "a" data items indicates a position of the fourth target as result of a particular 

experiment in one hundred simulation trials mentioned earlier. The plurality of data items 
with symbol "a" form the receiver output corresponding to the fourth target waveform. 

In Fig. 5A, the unknown target 16 is excited by the proposed optimum transmit waveform. 
The target output 26a is contaminated by colored noise 24 and clutter 18. 

In Fig. 5B, the target pool is comprised of four possible waveforms. The unknown 
target 16 is excited by the conventional chirp transmit waveform. The target output 26a is 
contaminated by colored noise 24 and clutter 18. 

Fig. 5B, shows a collection of data 500 for a target pool. The collection of data 500 
includes data set 501 , which includes a plurality of data items for a first target, wherein each 

of the data items is identified by a -*» symbol. Each of the "*» data items indicates a 

possible position of the first target as result of a particular experiment in one hundred 

simulation trials mentioned earlier. The plurality of data items with symbol «*" form the 

receiver output corresponding to the first target waveform. 

The collection of data 500 also includes data set 502, which includes a plurality of 

data items for a second target, wherein each of the data items is identified by an "o" 

symbol. Each of the "o" data items indicates a position of the second target as result of a 
particular experiment in the one hundred simulation trials mentioned earlier. The plurality of 
data items with symbol "o" form the receiver output corresponding to the second target 
waveform. 
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The collection of data 500 also includes data set 503, which includes a plurality of 
data items for a third target, wherein each of the data items is identified by an "x" symbol. 

Each of the "x" data items indicates a position of the third target as result of a particular 
experiment in the one hundred simulation trials mentioned earlier. The plurality of data 
items with symbol "x" form the receiver output corresponding to the third target waveform. 

The collection of data 500 also includes data set 504, which includes a plurality of 
data items for a fourth target, wherein each of the data items is identified by an "a" symbol. 

Each of the "a" data items indicates a position of the fourth target as result of a particular 
experiment in the one hundred simulation trials mentioned earlier. The plurality of data 
items with symbol "a" form form the receiver output corresponding to the fourth target 
waveform. 

Note that Figs. 5A and 5B are for the same target pool, however different data 
occurs because a different transmit signal is used. 

In Fig. 5A and 5B the signal-to-noise ratio (SNR) used is 0 dB and clutter-to-noise 
ratio (CNR) used is 10 dB. The percentage of classification error obtained in the case of 
optimum transmit pulse is 0% and in the case of the conventional chirp pulse is 39%. 

The receiver (or filter) outputs (such as outputs 306b, 308b, 310b, and 312b) may be 
calibrated using target only inputs i.e. the ideal situation where only one target response, 
like the response from one aircraft without the presence of any noise or clutter. The 
calibration of the receiver filters may generate normalized receiver outputs. The normalized 
receiver output using each target only signal generates a multidimensional output vector 
that acts as the reference point on the display. The total number of such reference points 
will be the same as the number of targets in the pool. When clutter plus noise together with 
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an unknown target response is presented to the receiver bank, the receiver outputs 
generate a new multidimensional vector. This vector is also plotted on the same screen 
along with all reference points and its closest neighbor among the reference points is 
declared as the actual target present in the data. 

A method in accordance with the present invention may include displaying on a 
screen in two dimensional or three dimensional format the multidimensional display vectors. 
The multidimensional display vector may be displayed by being projected in the "target-only 
case" to obtain the reference points as well as the multidimensional vector generated in the 
actual data case (target response plus clutter plus noise) into two and three dimensions 
appropriately. The final two and three dimensional projections are achieved using standard 
Gram-Schmidt procedure of the multidimensional data set. 

Although the invention has been described by reference to particular illustrative 
embodiments thereof, many changes and modifications of the invention may become 
apparent to those skilled in the art without departing from the spirit and scope of the 
invention. It is therefore intended to include within this patent all such changes and 
modifications as may reasonably and properly be included within the scope of the present 
invention's contribution to the art. 
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